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1 .  SUaiMAHY 

l 

The  preliminary  estimated  performance  data  characteristics  are  presented  for 
a  rotorcraft  of  advanced  design  that  fulfills  or  exceeds  the  specified  require¬ 
ment*  for  an  assault  helicopter.  This  helicopter,  designated  the  Model  78,  is 
propelled  by  a  rotor  for  take-off,  hovering,  and  slow  translational  flight,  and 
by  propellers  for  cruise  and  high-speed  flight.  For  rotor-propelled  flight,  a 
pressure- jet  rotor  system  and  conventional  nelicopter  controls  are  utilized.  For 
high-speed  flight,  the  major  portion  of  the  aircraft  weight  is  supported  .y  a 
small  fixed-wing  surface  with  the  lightly  loaded  rotor  in  lov.-.  ivci  uutorotation. 
Two  gas  turbine-driven  propellers  and  conventional  airplane  controls  provide  pro¬ 
pulsion  and  control. 

The  vertical  and  high-speed  flight  characteristics  and  high  payload  of 
Model  78  are  readily  adapted  to  an  assault  mission.  At  the  maximum  level  flight 
speed  of  240  knots  and  an  8135-pound  pa -load  (35  troops),  thirty-three  troops  per 
hour  per  aircraft  tan  be  transported  to  an  airhead,  as  compared  to  the  9.7  troops 
per  hour  per  aircraft  just  meeting  the  assault  specifications.  Therefore,  on  the 
first  wave,  the  Model  78  is  capable  of  performing  the  work  of  1.8  aircraft  which 
juct  meet  the  assault  specification,  or  on  a  shuttle  basis,  is  the  equivalent  of 
8*4  sueh  airoraft. 

All  performance  estimates  are  bused  upon  proven  methods  of  analysis  developed 
by  the  NACA,  or  upon  wind  tunnel  model  test  data  obtained  in  a  twenty-month  re¬ 
search  program  under  contraot'to  the  Office  of  Naval  Research.  Much  cf  trese  test 
data  have  shewn  substantial  agreement  with  data  from  previous  t J3t  programs  of 
the  NACA  and  with  McDonnell  theoretical  analyses. 
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2. 

•  on  pres -.  ta  ere??'-  t!  Li.©  prcl jeiv'.ury  •••iro- 
:*  j:.o  -c  -  Tt  •  r  advanced  d-si _  This  nirer  ft, 

•  ij.-i  .r  •’  J  f  :■  air.  1-;  •,  li<*>  lif  LI-  .::•*«  city 
;  nd  c  ’  i. •  •  *• 1 ; '  troupe  or  c:  r.;o  at  any  s-.  1  c t ud 
oci  i:-.  j?s  t:.e  1’ i : . d i : i -  toot  lifti..  rot-rs,  •••  c; 

r.ot  required  to  deliver  t-  v  e-air"  lifti.:.;  r  pri  >laive  force  of  tr.o  aircraft, 
mar.  advance  •'::r  hiriier  sy.-ed  r  t  i  erotofore  considered  possibl  •.  iris  uria- 

ciplo  has  nee.-.  confirmed  as  r>  result  f  twenty  months  of  research  cor.d  icted  under 
contract  to  the  Of;  ioe  f  v  L  .  es •  rc>  •  otor  lift,  dra  ,  bluuo  ".otievus ,  blade 
stresses,  win  into'-fu-  •••;c  ,  Aircraft  st;. lity,  and  many  oti»er  details  :  uve  been 
analyzed  and  tC3  ten  tr.r.,u  is  a  i  d ■  •  ran  j  of  vari>*i  1  3 , 

The  /[odel  76  i  .  -or.  or:  too  sin  lc  lift  in-  rotor  v;it  >>  press  :r  -J  t  drive, 
a  relatively  small  fired  wir.  *  f  aloud  toe  rotor  at  hi^i  speecs,  <t  .’Oiiventional 
empenna-o  for  aircraft,  stabil 1  t  ,  twin-en  ■  ire  ins  1/  llofi, drivin  vur1.-  lc- 

pitch  propellers  and  tvo  art  1  lew  compre.i  rs  for  rotor  prop  l-i.-  and  side- 

by-side  seatin’,  for  pilot  and  cop.il.  h  .  •  tui  .-en  ;is. .  iusi  u  esi-  available 

gas  turbines  end  compressor-.  (Allis  r  ••  i'l  am  33 tin,  t  sc  l-!-X;.  reaper ti  A-ly) 
offers  reliability  and  pro  tl  i  proved  performance  over  tr.at  of  cm  vo-tion  1 
helicopters.  Since  the  rotor  a  to  rots’  tea  i-'  forward  fli-y:t  ■  r.d  r  •tor  x  ova  ;•  is  re¬ 
quired  only  for  shor'  periods  of  hoverin'  and  acceleration,  it  is  ossiblo  to  ~e 
a  jot  drive  witho:  t  appreciable  -ir lty  froi  its  relatively  hi  t.  f  <  1  '  rnsumpti  n • 
Cf  trie  jot  rotor  drives  uv  .il.ulj,  the  pressure- jot  rotor  is  t’  e  mos •-  suitable 
because  of  its  lower  fuel  ccusumyti  m,  easier  st  rtin;  and  lii  h  ,wr,  xts  1  ,n 
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lit’tii  capacity  tixi'J  Its  utility  to  f  i .  LSI  ..he  :  at.  roc  ci  ,..•  i  roq.;ir-.;aor.ts  ut 


nih  i'or-'.'-ri  speeds . 

For  •Jo/ori:ir,  and  slow  ;'or.v  r  .'1-  t..o  aircraft  is  'lavm  by  rotor  propal- 
s  ion  ■  i  ci  1  ir  in ;  the  pressure.-  i  o  rov-  i  ..  j  t.n  :eriv;i.  fro.,  t  ;rbi..o-dri ven  compres¬ 
sors  and  conventional  3in;l*  rotor  on.  "o  i.  (:.e.,  ver'  ic  ■!  control  ic  collective 
pitch  v  rir.ti^n  and  tr  asv  r  cc  .tro  o  .-cl  Lc  pitch  variation.)  For  hi^h- speed 
fii  i.t,  in  wi; ion  the  major  ,  orti.-u  of  t.  .  .  c;i.;i.t  is  support  nd  by  a  fixed  win  •  und 
i.\  '•  ioi  the  lightly  loaded  rotor  i  -  a  ; v.-rot"  tin  ,  ..repulsion  is  ot  u  ined  from  two 
you  t  ..roir.e-drivcn  propoll** •••?  and  co-.vr  1  is  i.  cmve.  ti".;ai  airplane  aileron- 
elcv  '.r- rudder  systems.  .ho  tri  ns  it  ion  fro-,  rotor— J’-ivon  to  ..ro.  ellor-uri/o:. 
fli  l,t  is  performed  at  noarlv  con.-v  .nit  r-.l-  it  -do  by  sniftins;  fro:  pros. cure- jot 
power  to  propeller  pov;ar  witi  the  i..t  irmeiiu, to  yowor  beiny  supplied  by  toe  rosidu- 
al  rotor  kinetic  one r*-v  ••’id  >  chan  *•':  4  v-  let  kinetic  ■  *  or  y. 

Althou  h  "odd  7b  is  dosiynod  to  pr-*s<;  '  ly-co-'si  ;e  cd  pr.tc: tied  v  1  ieu  of 
blade  tip  spued  and  •;•;:< inium  udv  nice  r  ;io  in  order  to  usrantoo  its  i ..mediate 
usefulness  in  military  Ot^ra  lion,  rotor  :::o : ■  Lasts  coi.duct.d  .(p  to  ;u.  advance 
ratio  of  2.5  have  shown  t  r.,  ever,  for  a  .  ach  number  f  the  adva.icin  ;  blade  1  m:; 
tiian  .9.  ,  fliyht  steels  t  vt :•  360  knots  my  jo  attained  in  the  futur  .  in most 
s’r  risiny  result  of  ti  eso  model  tests,  cot. fir 'od  by  t;  eoreticr.i  5‘  dies,  wj3  the 
increase  of  aerodynamic  ;.  t'ic  iency  with  incrousi:.  a  :v:uico  ratio.  A  lift  to  dra., 
ratio  of  the  autori.t-tiu  model  rotor  (excludin';  ub;  of  11.5  was  measured  at  an 
advri'O'4  ratio  of  2._-.  'ibis  indicates  ull-scnlo  lift  t  dray  rntios  of  too  same 
order  of  magnitude  as  those  f,or  a  fired  win  .  A  n  inner  of  problems  p  rtaininj  to 
rotor  control,  bluoe  motions  v.  :d  blade  stressu:;  have  t.>  no  studied  prior  to  the 
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utilisation  of  tip  speeds  and  aivuice  re.t5.os  very  much  in  excess  of  tueso  used 
in  the  normal  o,  oration  of  'odel  7  . 

The  preliminary  prrforrnancu  estimates  for  tt.e  .  Orel  7B  are  based  upon  wind 
tunnel  model  test  data,  obtained  in  a  rose  .rch  pro  r  m  sponsored  b\  the  Office  of 
Kamil  I:es et.rci.,  and  in  the  conventional  h  licoptor  or  rotor  propulsion  advance 
ratio  rir/e,  upon  .rover,  methods  of  sn»!v-  is. 
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3.1  Sununarv  i'en'or-.rinc  »  Vail.-  and  Fi  .urea 


Take-off  wei':.  t 


pavload 


Engine  pc.ver  ( normal  r  li:.  ,* 

Lise  loading  (  •/.'.) . 

loT.-or  ionllnp . 

.’.aximum  speed  -  j  n\  lev  1  .  . 

Kate  of  clirrb  -  jv  1 

Tot or  propuls  ion . 

Propeller  propulsion  .  .  . 


Ti-,.c  to  bOOO  f  t 

ctor  ^ r^pi. x j iOu  •  •  •  • 

propeller  propels!  •  .  . 

Tine  to  10,900  foot 

Kotor  propulsion  .  .  .  . 
Propeller  propul  si-. . 


Vertical  rate  of  cli.-l  -  sea  level 

Ai  solute  i'.overii  c  11  ..ij . 

(stall  lie.it-iti  r.) 

Combat  rad ius/.'.v-.  rape  v>loctty  .  . 

Idaxirmm  ondurnnco/Avorupe  v  Tocity 


Fern/  range  ( If  BO  pul.  fuel) 


30,. .'o0  pounds 


37';0  ..ounds 


8135  pounds 
3870/l400o  /L-.r/rpm 
9 .  A  Ids  .  rs  ; . . 

7.7 d  lbs. /-,  . 


240  toiots 


wilt  1  -  •  ;  .  lZ : . 

15.. >0  ft.  tr  . 


1.70 

rr  i  . 


4 . lb  mi :  . 

o.cl  .fiiii. 

504C  ft./.-. it  . 
10,u00  foot 


100  n.  ./220  knots 
1.28  hr  .  .”0  to  ots 


776  nautical  miles 


*  Power  available,  considering  losses 
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The  principle  os'  a  coiui.ied  rotary- fixed  win  aircraft  a  mg  r;..;  .coa  to  prac¬ 
tice  in  tnc  early  days  of  t.r.e  autogyro,  and  an  extensive  VI.  :.t  ..  si  pro  t- ar.  i  as 
been  conducted  with  such  aircraft  by  t.‘.e  hACA  ( references  f .  1  i  u?«o  .1:-)  .  .'hi:. 

pro -ram  included  conditions  up  to  an  advance  ratio  of  t  .o  lifting  rotor  of  .7  and 
up  to  a  load  on  the  fixed  ..in;  of  3b.  of  the  total  airer  ft  wei,  .  t.  Tno  aircraft 
tested  by  the  hACA  was  control  3  e.i  by  conv.nutio)  al  oiler  on,  ••lev.  tor,  and  rudder 
controls  with  no  means  provided  L>  cuunys  tr.e  relative  attitude  of  wing;  and  lift¬ 
ing  rotor  or  tie  blade  A.itch  angle  in  flight,  ".he  nni.n  c  .iclusi  .>ns  fro  tnese 
tests  voim  c  !.»•  t  a  wide  vuria  .  i ..  u  of  roar  spoeu  as  a  f.inc  i.'ii  of  airspeed  may  he 
obtr  ined  by  suitable  ad  Jus  uncut  a  of  the  tvia  tivo  win  and  rotcr  attitude  (vfnic 
were  made  on  the  ground  airing  t.  o  t.-st  _  ro  ;ram)  and  t..at  ti.e  i  •  t  •rforonco  T  f  e 
wing  on  the  lifting  rotor  is  negli.iulo  in  tie  tooted  range. 

As  compared  to  this  early  version  of  rotur '-i ixod  win  aircr-  ft,  .  edf  1  ’b 
incorporates  L.e  following  additional  'features:  a  rotor  nit. t. .do  cortrcl,  ion,  i- 
tudinally  and  laterally;  a  collectivo  blado  pitc:  Cu  trol;  a  .  .  vf  ruber  arivc 
for  vertical  tane-off  and  forward  acceleration  :p  t  >  1 1 ;  knot  .  y.  r.tur  .  ro- 

pelled,  or  pressure- jet  flight,  which  i::  roiiS iule  be  hv-'er  r.  ro  and  118  i.  ots,  the 
aircraft  is  controlled  by  the  longitudinal  a: id  later  1  rotor  xt  ti  1.  ;de  co  trol  with 
tue  fixed  surface  controls  relatively  ineffective.  Ir.  pro.  elior  .  ropul..  Lon ,  or 
turbo-prop  fli'ht,  whicn  is  possible  uolwo«<:  SO  and  t  •  lu.it  -1/  it  pood  of 
300  knots,  the  aircraft  is  controlled  b  t.:-.  fixed  surface  o  mtr  is.  fs.e  rotor 
lateral  at  itude  control  is  still  co.m.oc  .od  to  t  ,o  control  slim  ,  b.ou  h  relative¬ 
ly  ineffective),  while  t:  e  rotor  lou.itudi  a.l  attitude  cor.tr  I  s;  disconnected  *  rom 
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^7 : 


T  cr 


jut- 


"Q 


A 


_  l 

9  rr  k  h/TJ 


L 

l/d 


Li't  curve  slope 
.i?ot  ratio 
Area,  square  feet 
: '-unbar  of  blades 
3  feet 

an  chord,  feet 
rotori  ooeffiyiorit 

.i<  ^oJjj.utmic  elude  loading 
°tor  lixt  coefficient  Lr 

~FA  TTR-"2 

.v  r  lit  t  coefficient  L.y 

TTijF- 

•'  !tor  "0iV-u<  coefficient  '  a 

’errKZtfTo 

j! valent  drV-lift  ratio 

WrMita  dr*S  area,  square  feet' 

Pres  sure- jet  thrust,  pounds 

at  i  o 

cxca0 0  rower 
ecti ve  verticu 1~ 

j.°tal  lift  force,  pounds 

Rotor  lift  force,  ,  0un  is 

FUed  !,iA-  Hft  force,  ;  ou-ndc 
Lit t-drop  ratio 
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Kotor  torque,  foot-pounds 
Dyn.mm ic  pressure,  nounds/s  ;uare  foot 
i.otor  radius,  feet 
is:'. i::ur.i  rate  of  climb,  feet/minute 
I.otor  thrust,  pounds 


over;:;'  merit  footer 


Rotor  induced  v.  iocity,  foet/socond 
Flight  pfth  v  ilocit.v,  feot/second 
Vertical  rate  of  climb,  foet/second 


Adv  r:ce  ratio,  V 

rr 


'■ ''ter  art'ulur  velocity,  r ad i an 3 /s e c on d 
Air  density,  slurs/cabic  feet 
Rotor  solidity,  brC 


0  *  Rotor  blade  an^le,  decrees 

If 

( 7 ip) (  270)  *  Retreating  blade  tipi  orle  of  attack,  de  roes 


Subscripts 


Induced 


Tip  jot 
Profile 


Parasite 


Rotor 


Fixed-wing 
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5.2  Dimensional  Data  - 


5.2.1  Fixed  •Ain': 


Span,  inches 


Chord,  incheai  root 
tip 
MAC 


97.75 

57 

90 


Projected  nroa,  sq.ft. 


Airfoil  section  -  root 

tip 


25018 

23012 


Incidence,  decrees 


Effective  aspect  ratio 
Aileron  area,  sq.ft. 


Split-flap  area,  sq.ft. 


18.00 


5.2.2  Rotors 


dumber  of  rotors 


Dumber  of  blades  per  rotor 


P.otor  diameter,  feet 


Rotor  di3C  area,  sq.ft. 


Disc  loading,  lbs./ft.~  . 


Rotor  soliditv 


Blade  chord,  inches 
Blade  twiat,  decrees 


Llade  airfoil  seotion 


Rotor  tip  apoed,  ft. /sec.  - 

Hovorin"  . 

Helicopter  forward  flight 
Propeller  forward  flirht  . 


MACA  23015 


750 

750,  700 
700,  500,  420 
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t..b  ?;  >pon:ir«. ;o  (7-cy.^) 

Airi'oil  auction  -  ro  t  .  . 


3  0 


r.f*>c*vive  aspect  ratio  .  . 
Hi:  ■  i 1 .  re  -  roes  .... 

or.::’;  i  ci  c? ,  -in  r  cos 
.. •ieroir.'r;;..-.i.'  ojr.'rd,  incr 
t  ot'  1  a -o r. ,  i ' :‘t .  ... 

J'-y  **c]  sori'-.c  •  area,  sy.'t 
.. 2.4  Fro;  .. 1 ra 


•.uaber  c:‘  prop-Tlon; 


.  under  ji’  ;u;:  ;*r  .<r  j.-ellor 


..  onui’ac  t  irer 


’odal  dssi  muon  ..... 
Propeller  iLcet-r ,  I'aot  .  .  . 

Activity  facte r . 

Froj. ell?  r  cor  ratio  .  ...  . 
Propel  1  :•  sp»ed,  r^u . 
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:;aca  ooi  t 

AC A  0009 


4o 

0 


'  o  o 

142.0 


44.0 


2 

o 

Afro  Products 
A  6b  2F 


10 


loO 


V  .  06  s  1 

1760 


t  .3  '-.j.-ht  jata 

:  .0.1  r;.".l  rear:  ’-/in  -Ft,  pounds .  SO,  600 

..'el  t  c  pty .  1  ,064 

i’nl  load .  1^,046 

pa  lo.o .  i-  ,136 
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5..  .2 

Maximum  T.  '.  wei-ht,  pounds  .  . 

';oa  I': t  empty . 

.  10,554 

1  oeful  load . . 

.  ID,  CMC 

Payload  ......  . 

.  11,135 

5.4 

iUKier 

riant  ata  * 

E.'M 

s! 

r ' 
i! 

dumber  o’’  engines  ....... 

Unnufact  ,:rer . 

:ener''.l  ..otors 

odel  designation  . 

power  section 

I'..i  i  c  ratings  - 

Specification  normal  rat  in;; 
Performance  normal  rutiic;  **  . 

CT 

• 

• 

to 

Por  r rossor  Data 

Manufacturer . 

•  •  •  •  *  *  ,  0 Ij  ui i .  •  hc.36 

Model  designation . 

.  19XB 

5.4.3 

Pressure-Jet  Data 

Manufacturer  . 

C  ortor  st  iun 

* 

\ 

For  more  complete  Power  Plant  data,  see 

refeiT'.,ce  0.'. 

** 

Includes  losses  for  inlets,  ducts,  etc. 

,  see  reference  P.i  . 
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6.1  Parasite  dra  estimate  -  For  estimating  parasite  drag  power  lessee,  a 
breakdown  of  tne  component  parasite  dra.'  areas  is  made.  The  following  tables  of 
component  parasite  drag  areas  were  prepared  to  cover  the  requirements  of  tne  per¬ 
formance  estimate.  The  component  drag  coefficients  were  obtained  from  refer¬ 
ence  9.5.  ote  that  the  win:;  is  not  considered  in  Table  I,  since  the  drag  effect 

of  the  win  in  forward  flight  is  included  in  the  L/D  of  tne  wing .  Also,  tt.e  rub 
effect  is  treated  as  a  separate  component  in  the  rotor-powered  flight  performance, 
and  for  turbo-prop  flight,  the  hub  drag  is  contained  in  the  L/D  for  the  rotor. 


TABLE  I 


120.0 


Component 

Fuselage 


Pylon 


f acelles 


Empennage 

Landing  gear 
(retracted) 

Interference 
(10£  assumed) 


Hub  (based  on  disc  area, 

Cp  from  model  test  data) 


Total 


.0013 


Total 


f(  sq.ft.) 


14.00  * 


18 .  o  2  *  + 


*  Turbo-prop  fligh  t  v wing  dra  ,  induced  and  profile,  i.  eluded  in  l/'D  vtiic ; 
hub  dra.'  included  in  \Jh  of  rotor)  . 

**  Powered  rotor  flight  (win.-  drag,  induced  and  profile,  included  in  l/d  win  ). 
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TAbLS  II 


!•?:  r  :s}it“  Dra:  .at  (»crtiO)-l  fli;i;t;  * 


Component 

A  i'  .ij. 

r  _ 

1  (  S<*‘  *  1  t  •  y 

Fneola  e 

4  In 

.60 

145 

>i  i  ri  * 

218 

1.00 

21 

:  ||T)  O 

10O 

.30 

0  5 

1  * 

t56 

1.--0 

60 

r‘ 1  a  i 1 

82 

V— ' 

• 

C 

O 

62 

546  sc .ft. 

i  ove-rinj  Download 

Area  Kotimate  « * 

Fusoln,  ,o 

24:3 

•  0*  D 

36 

tin ; 

14C 

i . 

14c 

Nacelles 

10b 

*'  « 

•  •->  ■ 

0  j 

i.*  i)  1  •  i  "b  « 

*  In  vertical  rate  of  climb  culo  .lutions,  the  total  ;.l-  ::f ura  area  Is  used  cc 

obtain  the  .  ras  ito  dra~  lou  t.  For  calculations  oi'  r  too  of  clint*  >*.t  iur- 

vvari  speed:; ,  it  is  ecejsary  tc  obtain  tnc  effect  oi  pura*.  L  so  dro  j-i  too 

rotor  i:  a  v  rtical  .i '  recti  Therefore,  the  i  dace:  nr*.:  a  ox'  t:  a  v.-i.-i  is 

subtract  'd  fro-,  the  tot- 1  :  1-  nfom  area  and.  considered  s  paratcl  .  The 
parasite  draq  area  res..Iti.  is  646  sq.ft,  minus  662  s  ..ft.  equals 

214  sq.ft. 

**  To  ot  the  noveri  iq  pov.-«r  required  consider!. i."  t..e  effect  of  ru  or  icr.vw  si  , 
an  csti:nato  is  •  ade  of  the  area  in  t  o  patn  ot  t..e  dov/.iwash  v  loclt  . 
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■'  ,2  Fixed  wine  churns  t;  r  i s  Lies  -  7:  c  ,'odel  73  i.  u.l  ,;i.  •  of  A'.-.  iiiiOlC  to 
2  Solti  airfoil  suction  h;»a  c.l  aspect  ratio.  T:*o  airf.-ii  section  ;n  u rector istics 
for  i:. firin'  aspect  ratio  on  ts tied  „'ra;:i  rci'a''u:n»  ;■»•>  arc  current  d  to  tut*  in¬ 
fir  i  to  aspect  ratio  •>:'  C.l  b\  ecu;  tioas: 


CK 


A? 


A? 


°L  *  ’a, 

A? 


*  Ct  C, 
1  -■* 


IT 


A  further  corr.ct.;  -it  on  t..o  lift— Ira.  ratio  is  tado  to  account  for  in;  taper  in 
acc  r  :  ..".cfi  refer'  -tee  F  i.  'ur  *  14  presents  v.e  correct  i  airfoil  o.a.-ac- 

teristicn  used  it  tne  Todyna  ic  j  •  r  tv  ice  osti:  .•  tos .  to  vs  rir  .  i  .  n  of  lift 

coefficient  :  th  for.*. a  r ;  v?loci:  •  level  flight  is  sho*»n  in  figure  1C. 

C.i  1  repel ler  c:  eractoris sics  - 

C.o.l  i  i  ;cus  :i  -  .he  r  li-t  .m.ry  turbo-prop  installation  c-s  cist::  of  two, 
three-’.  ludod  full- "eats-  ri..  .'.ora  j  redacts  propellers  driven  up  tv;u  Mlison 
'  odel  !iol  pn-i  t  in  its  i.  ruu  h  .>  -ifi  s  ".-jU  .  oar  tuxes.  '  rin.  nolic  >i  t  :r  opera 
tier,  t.te  pro..-  Her  j  itch  ia  3-*t  :.t  tea.-  wh ic  r  suits  i  .  i  ii-  ••  .  >>  *cr  absorption 
bv  &.o  iroiel  hr:  .  For  a  preli  inar-  c  tiiialu,  t  i.i  ,  r  ;  1  *•  ;  t  in.;  is  assumed 

to  absorb  <>"  t  u  _v’iL.hla  en.  i.ic  s:  n't  u  roa'tcr  t.  ro.i  t  t  e  helicopter 
fli  ht  r  tn*e.  '  oe  reference  >.<.  .}  The  proli-:'  pro^oll'-.-  Ul  u-,o  pros  on  tod 

in  section  ■ ! . 

•'....2  prop'  lit'  efficiencies  -  il.e  prli  iriar  p ro^t Hot  ;  icior.cy  curve, 
fi'urc  1  ,  is  o'ti  ..to  from  the  d  to  .<r-  ;  ted  re  fort  roe  .  .  the  totted 

is  as  ollcr.vs: 
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Step  1  -  A 3 S' v:i! •  v •  *1  oci tv, ;•  1  hituue 


220  knotSjSen  level 


Stop  2  -  fe  tannin  a  --s  urine  power ^  propeller  speed  2290  HP,  1760  rpm 


]tep  5  -  "'•o.-ip.ite  J 


J  "  8”  v-.ph 


68  x  ?:X-  x  1.16  -  1.27 
1760  :c  10 


Step  4  -  Co. .pule  C  ■, 


Cp  *=  .210 


Ct 


.  (SPP/lOOC) 


e/p0  ( 2/1000) ‘J(:,/io)0 

*  .210 


C~  51  .  5  x  2 .29 

P 


(1./6)3  (l)5 


Step  i  -  Determine  X  and  C 


m 


Activity  factor  *  4o0 
Cfs,  "  Cp  *  .210  *  .350 

r  .so 


pi 


.60 

.350 


S te p  C  -  6  c-]  -j  te  J/ ( C  £.) 


1/3 


c/u,)1'^  -  1.27 

TT?Yl7;TA 


1.27  -  2.10 


Stop  7  -  r  roi:i  chart  (reference  9.2,  ^a,;e  150)  road  Vj  ■ 


.85 


Figure  lr,  piopcller  efficiency  against  velocity,  is  obtained  b'  assiunin;  various 
velocities  and  r tin. :  t..e  steps  re.uireJ  to  obtain  propeller  efficiency .  These 
propeller  offi  i ancles  ire  used  in  trunsfor :.i>i ,  ti  e  3haft  horse,  ewer  and  not  jot 
t;.nst  to  horsepower  svailabl  for  level  flight  p.  rf ^ rntonce  calculations* 
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6 .4  Flight  limitations 

6.4.1  Blaoe  stall  -  Petrea bing  MtJo  stall  is  csonsiderod  a  limitin  ■  flight 
velocity  criteria  because  of  loss  of  control  and  objectionable  vibration.  ACA 
flight  tests,  reference  P.8,  indicate  tnat  a  retreatin';  blade  tip  angle  of  attack 
of  12  degrees  is  the  beginning  of  Plane  stall.  Operation  at  tip  anglos  greater 
than  this  causes  increased  profile  power  loss  and  objectionable  vibration  with 
loss  of  control  occurring  about  4  degrees  above  the  initial  stall  angle. 

Blade  stall  is  pri  arily  dependent  upon  tno  advance  ratio  and  the  aerody¬ 
namic  blade  loading  (C? /&  )  which  is  a  measure  of  the  mean  blade  angle  of  attack. 
Figure  17  presents  the  relationship  of  initial  stall  C ^/(f  with  rotor  shaft 
power  parameter  (?/l)  for  constant  advance  ratios,  /U’1*  A  discussion  of  thiB 
graph  and  its  source  is  presented  in  section  6.5.4.  For  the  nodel  73,  occause  of 
the  aerodynamic  blade  loading  and  beoause  of  the  effect  of  the  fixed  winy  in  for¬ 
ward  flight,  blade  stall  is  avoided  in  the  helicopter  level  flight  condition, 
except  for  operation  at  or  near  Cl*  of  fixed  win  equal  to  cero.  Other  limits 
are  more  critical  for  the  higher  fixed -wing  lift  coefficients.  In  propeller 
flight,  the  increased  drag  losses,  because  of  blade  3tall,  are  accounted  for  in 
the  model  tost  lift-drar  ratio  of  the  rotor;  and  since  oontrol  is  attained  by  a 
conventional  aileron-elevator  system,  blade  still  is  not  a  limiting  criteria. 

6.4.2  Advancing  blade  velocity  -  An  advancing  blaue  volooity  limitation  is 
oonsidered  necessary  to  avoid  increased  powoV  loss  caused  by  Uach  number  drag 
divergence  and  ol jeotionable  vibrution,  fatigue,  and  control  characteristics 
oaused  by  blade  lift  los3  and  center  of  pressure  movement.  A  limit  of  forward 
velocity  plus  rotational  tip  speed  (V  ♦  Cl  R)  of  900  feet  per  second  is  assumed. 
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which  fives  rise  to  o  .30  faou  number  at  sna  level.  uefereneo  f .10  shows  U.  't 
rearward  shifts  of  center  of  k  rnssaro  are  eveiJed  if  tne  ..-.ach  number  is  i ;  it ■■c 
to  this  value,  :  ovn.-’mr,  opera ti  uu  at  ht  ;hor  ulv ■> .loin.;;  hlaoe  .Inch  numbers  than 
.30  is  probabl'.'  practical  because  .f  the  i  ..t  ,>r mediate  nature  of  the  proole:.  . 
Further  wind  tunnel  research  and  full-nc-le  flipM:  test  prop rums  shoul J  provide 
additional  inf  -met  ion  or  to  is  limit'  ..i  c  n . 

6.4.3  V/inp  stall  -  The  -::lai  :r.ir.  propell  r-  ir  i  v  'li-nt  spied  is  assumed  to 
be  dictated  by  U.  •  maxima  i  win:*  lift  coftici-'  t.  .\or.u:  11;,  thi  :  :■  ■>  net  a  plr.si- 
Cal  limit,  sine-  at  ‘case  minimum  speeds,  the  rotor  is  snortin',  sufficient 
portion  of  the  we i  ,rt  to  smintain  control.  :  .jwev sr,  for  nruJytic.nl  purposes,  tho 
maximum  win  *  lift  Coes’  ’in  lent  is  used  as  a  minimum  velocity  limit. 


O.n  i ressurc-jet  flipht  condition 

6..  .1  eve rin£  -  The  hovurii,*  aurodyat*.  •  ic  efficiency  of  a  r  .tor  is  best 
represented  oy  tne  ratio  of  rotor  t;  rest  to  ,'et  thrust  which  may  be  'written  non- 
dimonsior.ally  as  - 

T  ?!  Ct  pit  R2(J^t')2R  Ct 

f  "  T  ~  cq  pTrR2cah)2r  “ 

The  hoverin;:  jet  rotor  torque  requirements  are  tne  profile  and  tr  e  induced 


torques , 


Cq  ■  cQo  ♦  ecu 


For  an  ideally  twisted  rotor,  the  profile  torque  coefficient  in  to  m3  of  tne 
i  ACA  ti.ree-terir.  drar  polar  which  is  representative  of  smooth,  well-contoured 
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b laden  ij  try  reference  0.  , 


■Qo 


^  u  +  2/5  ^ 


1  "T 


+  4  </, 


and  tno  induced  tor  sue  coofflc rent  is, 


to 


E  ~ 


:  or  t::o  ,1'del  Yd,  it  is  nssoaed  t.  at  tae  profile  d.  a  ,  this  torque,  is  it.  depen¬ 
dent  of  uli.uo  t.isl  and  taut  tae  induced  drop  is  iucr--ased  tv  percent  to  account 
for  tie  variations  fra r.  .mi fori  inflow  encountered  witi.  rectae  alar  untwisted 
blades.  The  tip  less  factor  assumed  is  t!._t  presented  by  Sissinyh  in  reference 

oil 

v  •  iw  J 


3  = 


I  X T 

~vf~ 


Since  the  j  :t.  rust  presented  r  t'ea  co  i-.S  is  rose  internal  tt.rust  excluding 
jet  oxtervil  'Ira  ,  ti  e  r.  over  in  ;  rotor  ti.ru  "t  -  jet  tr  rust  ratio  is  modified  to 
account  for  too  Jraa  torque  of  t  e  jet  units,  .bn  equivalent  parasite  area  of 
.11  n  arc  i'  jet  ye r  t  la  le  '  •  a  a  tried  and  tno  ri/T  ratio  corrected  accordir.  lv, 

ACp  »  bpfj  ..  p  (nr)%  -  byfp 


T  /‘F 


9  TT  K2  :  )2i.  2(1T  ’  *) 

=  Cy^Qo  +  CQ.  *  ACQ) 


Fiqure  15  pr  seats  tno  variuti  >n  of  tl  e  rotor  thrust-jet  thrust  ratio  viita  aero¬ 
dynamic  olade  loaoinj  )  •  This  fijure  is  tut  bt>3is  of  all  hovering  and 

vortical  climb  perfomanc  estiiietes. 
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6.5.2  Vertie 1. 1  climb  -  In  a  vertical  climb,  the  rotor  handles  a  greater 
mass  of  air  (due  to  climb  velocity)  than  in  hcveri:y;  and,  therefore,  needs  to 
accelerate  the  air  mass  loss  to  produce  tne  sane  u.-rust.  As  a  result,  tne  induced 
power  losses  in  a  climb  are  less  ti  an  those  in  hovering.  Results  of  :ACA  tests 
(reference  9.12)  wore  used  to  o eta in  the  variation  of  the  ratio  of  the  excess 
horsepower  to  the  effective  climb  horsepower  with  climb  velocity  (figure  16). 

The  verti  .1  rate  of  climb  was  calculated  using  this  figure  and  the  calculated 
excess  horsepower . 

Vv  «  hPc  ^  35,000 

M 

The  efrective  climb  horsepower,  HPC,  was  determined  with  due  consideration  ^iven 
the  increased  rotor  lift  required  to  overcome  fuselage  -  fixed  wing  parasite  drag 
in  vertical  climb.  (3ee  sample  calculation). 

6.5.3  Forward  flight  -  Helicopter  steady  state  forward  flight  performance 
is  calculated  oy  .,'ACA  methods  of  analysis  (reforenco  9.6).  Individual  power 
losses  are  expressed  as  tne  energy  dissipated  per  second  by  an  equivalent  drag 
force  moving  at  the  translational  velocity  of  the  aircraft.  The  sources  of  power 
loss  are  the  rotor  profile  and  induced  drags,  the  jet  unit  external  drag,  the 
wing  profile  and  induced  drag ,  and  the  fuselage  parasite  drag. 

An  equivalent  dray  balance  divided  by  lift  is  the  basis  of  all  steady  state 
flight  performance  calculations.  This  drag  balance  is  modified  to  account  for  a 
portion  of  tne  total  lift  being  carried  by  tne  fixed  wing  with  the  resulting 
drag-lift  equation  reading: 

r  /L  *  Lk/l[Wlr)0  -  (  D/Lr)  i  +  (d/lr)jJ  *  l*a[:/u]w  ♦  [lA 
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In  the  helicopter  flight  condition,  the  Jet  oxtornal  drag  does  not  affect  rotor 
characteristics  such  as  blade  ajigle  anl  flapping  coeff icier.ta,  but  does  affect 
the  power  required,  since  gross  internal  thrust  is  used  as  jet  ti.rust  available. 
For  these  reasons,  both  ( includin :  and  excluding  (u/L)j  are  calculated. 
(See  sample  calculation.)  The  power  required  is  then  calculated  from  the 
(D/L)?o?  including  tne  jet  drag -lift  ratio  by: 


f’(KBQ)  “  I  "A (TOTAL  x  l  x  v 

L  J  5  no 


The  d  rag-lift  ratios  used  ir  the  total  drag-lift  balance  are  developed  individu¬ 
ally  : 

Rotor  profile  dra, -lift  ratio  (r'/L)0  -  The  rotor  profile  drag-lift  ratios 
for  the  various  fl  igi.t  c. editions  are  determined  from  the  NACA  charts  of  refer¬ 
ence  9.8.  These  charts  are  developed  for  assumptions  of  zero  twist  and  a  profile 
drag  polar  (Cq  3  .0087  -  .02160C  +  .40«2)  -^hich  is  representative  of  smooth, 
accurately-contoured  blades. 

Rotor  induced  dra --lift  ratio  (D/L)j  -  The  rotor  induced  drag-lift  ratio  is 
calculated  by  treating  the  rotor  as  a  liftin'  viing  of  4/TT  aspect  ratio.  Thus: 


(VI*)  i  =  CDi  •  CLA  »  CLp 
CbR  TTAE  Cljp  IT 


Fuselage  parasite  dra '-lift  ratio  (f/L)p  -  The  fuselage  dra-lift  ratio 
is  calculated  from  the  estimated  equivalent  parasite  area.  (See  taole  I) . 


Thus? 


(l'A)n  -  f  1/2  9  V?  -  f 


■f 


CONFIDENTIAL 


! 

PAGE  ..  <a 

REPORT  _ 

MODEL _ Zii  .. 


Jet  external  drag-lift  ratio  ( . '/L)  j  -  The  jot  external  dru  -lift  ratio  is 
doter  iued  from  an  e  tiolate:  cold  dra.'  coefficient  of  .lid  which  is  b^aod  upon 
experience  gained  under  the  Air  '  ate  riel  Ou'.n-md  .C  -Z.0  ra-  jot  rotor  contract. 

The  maximum  cross-sectional  v r  -a  of  uach  pressure  .  u..it  is  lot  s  •  .crj  i:  c  es . 
Therefore,  the  oq-iivol  ora  pur  info  area  per  unit  is  .11  square  fee u .  :.aviu._,  es¬ 

tablished  the  equivalent;  parasite  area,  toe  jet  dra  -lift  ratio  may  oo  determined 
by: 

f  2ft 

(D/LR)j  X  LrV  -  l/p.K  J€  bRfj  e/P.  (n  !.  +  VSDi<p)3  d c|> 

which  integrates  to: 

(;-Ar)J  •  bI:fj  [l/M*  *  5 
CLRTtR?  L 

For  quick  estimation  of  trie  jet  drag- lift  ratio,  non— .limer.3  ional  plots  of  (I,/Lr)j 
against  the  reciprocal  of  the  rotor  lift  -:oeiYici«mt  for  a  ratio  of  b^fj/T fPi' 
equal  to  unity  are  presen  ted  as  figure;  ?-■  and  ZOu.  The  value  r-.d  from  ti  ese 
charts  must  be  multiplied  by  the  acta  1  ratio  of  cold  jet  equivalent  parasite 
area  to  rotor  disc  area  which  i3  .00010  for  ;  odel  73. 

For  rotor-powered  flight,  the  jet  unit  drag  has  no  effect  on  tie  rotor  char¬ 
acteristics,  such  as  blade  angle,  ar.  ;le  of  attack  and  ap  flapping,  hu-.  as  already 
stated,  does  affect  the  power  required.  Therefore,  the  (d/Lr)j  ratio  is  s  de¬ 
tracted  from  the  total  Z)/L  ratio  for  t  a  determination  of  rotor  c.  aractei istics 
other  than  power  required. 

'.Ting  dru  -li  ’t  ratio  (D/l.)v;  -  The  win ;  dre._-lift  ratio  is  obtained  fro-  a 
plot  of  the  win-  airfoil  characteristics  (figure  13)  for  t  e  fli  nt  condition 
assumed,  i.e.,  at  the  "iver.  win-,  lift  coefficient..  The  variation  uf  vi\  ,g  lift 
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coefficient  with  level  f  or.vurd  IVi  ..<•  I  oc  it”  is  pro-o-.ted  as  fiyero  10. 

.  .4  rale  of  clinb  -  in  Jeter  ,i:.in  L  navi;. a.;.  race  of  climb  in 


rot  ir- ,/otvered  fli'.1,  it  is  r.ece.  tr.  lcol  a-  L  e  r  be  of  cl  it  .L  for  several 


iwr.v art  /clue  u.i 


lecueso  <  f  t  li  Lti  •  •  ericc 


Two  curve:;  are  obtained, 


one,  c  ■ 


i>  ;  •  — i  * 


.  Tor  lir.itaf  i  :  ,  nrd  :  s- con  i  eorvu.,  c  -risideri  /  bln  te  stall 


f  tee 

two 

curves 

dot  :  Heines 

C .  ;  i 

i'.’ri  i  ■ 

!;  1  ad  o  3 

tall  'is  a 

,0  lei 

tin]  3 

tell  for 

corruojj  .  .( 

and  i 

s  eb  t‘. 

i.ied  by 

corverti  ny 

.fa  o.. 

art  .  o 

’  refer-- 

.  oo  .  ,i  to 

used 

in  coj. 

vriui  the 

::ixi  ■  :u 

•m  v»  . j  f- 

‘j.C  cli 

.I.'  r, s  cL own 

j  o  livinii.m.ia  ..  •  vueuiu  a  yues  uj.  u-j/( 

of  ?/l  and  yn  .  Figure  17  is  sac,,  t.  p! 
values  i.itini  :,lu  so  sv.l]  fro;:  tn- 
various  JlA  and  I’/L  v  lues.  Ji.is  plot 
stall  limit  rotor  load  for  cbeckin  ;  t 
c.lc  elation  '.l.;'. 

The  met'  jd  use.;  in  c  >  .3 Ur serin ;;  t. .  r:  to  of  clir.l  o  irvos  is  tr.e  typical  .AC A 
analysis  for  rotor-now  red  fli  -lit. 


r-/L  -  (:7L)0  +  (r/L)i  ♦  (r./L)j  *  (r/i.),  *  (  /l:w  *  ( 


rror  •.  J.  i 


:?  •  lr  ’•  r  -r'i'.o  t  •:  actirl  opcrali n  ;  con¬ 
ditions  :*-H  oowor  lo  r'-’j  'K;r:v  olir..b*  sci..  3  •  ;■  lcol^ti ons  5. 1.5.1  and 

Q  T  o'* 

C  .  .  .  •  J 


.4  Turbo-!  rop  flip.t  c  n.di  *  ion 


C.  .1  asis  of  er.al'sis  -  .n  i'.-v  .  i-  -sr spoiler  flight  condition,  t<  o 
cot:  1  ■■•jcid.t  cf  the  aircraft  is  s  ip  .ort  P  uy  a  fixed-win;’  lifting  surface  combined 
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with  ru.  outorot.-iti:;"  rotor.  ind  tunnel  model  test  programs  cont-acted  to  the 
Of  ice  >.-f  '  av.-l  oae  arch  show  tit.  t  li  ;htly  loaded  autorotuuin  rotors  tiay  advance 
at  fur  hi  her  advance  ratios  than  herutofore  considered  practical.  Through  these 
progruvs,  re  tor  lift,  dray,  nlade  motion,  blade  stresses,  fixed-win,  interference, 
aircraft  3tarilj*y,  and  many  other  details  have  D.f:  analyzed  an  i  tes'-cc  through 
a  wide  r  n  o  A  v.riaoles.  The  results  of  those  model  test  programs  ar.d  studies 
firm  ti.e  Oasis  lor  t re  do  del  79  aerodynamic  performance  estimates  in  the  turbo¬ 
prop  fli  ght  condition.  Api lioaolo  t •; t  data  ure  presented  in  figures  5,  6,  7,  and 
8 {  for  further  iatn,  see  ..AC  Engine  ring  letters,  reference  9.18. 

Figure  d,  "i  otor  Lift  Coefficient  /..gainst  Advance  atio" ,  presents  a  compari¬ 
son  of  cDonnell  wind  tonne]  t-'sts  at  toe  high  advance  ratios  and  other  pertinent 
test  data  from  previous  LACA  prog rams .  Fi  ure  6  giver.  a  mean  curve  used  in  the 


per fon face  estimates  . 

Figure  7,  "  otor  L.j't-''r:y  ..atio  Against  Advance  Ratio",  sLovjs  comparative 
results  of  LACA  tests  with  a  ten-foot  rotor  model  (reference  £.17)  and  with  a 
full-scale  :  i  cairn  rot  r  (reference  0.1C)  and  ■: o Connell  tests  with  an  eight-foot 
rotor  model,  together  w:  th  tn**  "  "’.  Its  of  c  onnoil  theory.  Accounting  for  R;ey- 
nolds  number  effect,  all  l:.e  different  test  results  a  id  theoretical  results  are 
in  satis  ■'actor’/  agreement.  fiure  8  gives  the  rotor  lift-dray  o.ir/e  used  in  the 
Model  78  preliminary  performance  estimates. 

6.e.2  Forward  flight  -  Level  flight  power  required  for  forward  velocities 
is  obtni:  ed  in  a  manner  similar  to  that  described  in  the  section  on  rotor-powered 
forward  flight  (section  6.5.5).  A  modified  dra." -lift  equation  i3  used  for  turbo¬ 
prop  flight.  The  power  loss  due  to  drag  of  tre  rotor  is  based  on  autorotational 
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wind  tunnel  data  which  does  not  sepurssm  the  profile  a. id  induced  losses  in  tne 
rotor  (see  figure  8).  In  tie  so  tests,  which  compare  fnvoraol;/  vsitl  other  wind 
tunnel  .aid  tnooretical  data,  the  rotor  and  its  hub  are  considered  as  one  unit. 

Therefore,  it  is  only  necessary  to  nd  I  tne  tip  jet  dray  cor.trit  itioi;  to  tl  e  rotor 

* 

for  u  dra.,  ..owe r  loss  due  to  too  autorotavin  rotor. 

It  should  also  be  noted  that  tie  . arasite  dra •  area  used  for  the  parasite 
drag  loss  differs  in  the  rotor-pewered  and  turoo-proj.  power  retired  calculations  • 
This  difference  is  due  to  the  fact  in  at  the  hub  ru,;  is  ia.cl  idod  with  ti  at 
measured  for  the  rotor  in  Lie  autorotational  test  data .  In  the  rotor-i owe red 
flight,  the  hub  d  rag  is  taken  as  a  cortponont  of  t..e  parasite  dra;  area  for  toe 
whole  ship  and  included  with  toe  parasite  dra-;  per; sr  loss. 

The  resulting  drag-lift  eolation  is  °s  follows: 

D/L  •  Lp/L  [vUAr)u  +  (dAb)j]  *  InA  [‘d/^yjw  ♦  p 


The  power  required  is  then  calculated  from  tne  D/Lp.  using  tne  fol.lo.vi; 


equation : 


:i?(^Q)  3  (%)'!  . TAL  x  kJLJL 

550 


(See  sample  cnlo^luticn  0.1.4). 


The  percont  load  carried  by  t  e  rotor  tn rmi  jnout  tho  fli  ;ht  veloci o  range 
i3  presented  as  figure  11.  The  dash  lines  repres  n-t  the  porcent  load  carried  by 
the  rotor  in  helicopter  flight,  while  the  solid  linos  are  for  tu  bo-prop  fli;ht 
at  various  auto  rotating  rotor  tip  speeds. 
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o.l.4  i-rossure- jot  luval  flignt  pov.'or  required 

Altitude  ■  Sou  level 

'"'ross  ’.voi,-ht  ■  £0,000  lbs.  ?oi  "t  paru3ite  area  *  IS. £2  ft.* 

fotor  disc  urea  -  £  3  2  u  ft.'3  .  ixed  ’ving  area  3  332  ft.^ 

Lotor  tip  speed  »  700  ft. /sec.  .  i  ■  .  lift  coefficient  -  .5 

:  otor  soli  i i ty  ’  .00  h/.  for  ?:in  ;  =  20.9 


A6SUW\ED 

FT. /.SEC. 
KMOT-S 

pv' _ 

q 


\~V/3'5ZQ  Cfc*~ 


2902  0 


NACA  CHARTS 


.0840 


.  Uo4o  '  .0910 


Fi&un*.  2.0  i  20  a. 


0306 


1066  i 


0142  i  .022 


.0320  !  .0435 


naca  cuarts 


.0139  |  .0190 


.1525  .1510 


9.0°  8.0°  7.0°  7.45°  7.55°  8.6° 


*  9L«  culxul  tel  s  tie  sum  of  the  ,  ice  ,  rofile,  v.in  ana  fuselage  dra 

lift  ratios  o'-se.i  i  o.i  rotor  lift  i  jrrr  t<-  seter  nine  f  1  and  blade 
an  "le  w  (  e*.  section  •  .5.3;. 
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.1.  .2  V  C'i:' idt_* riri  iO'.vjt  nv-:i  In  ■  :  j-  f,  ,o  T:  itir-'  factor: 


JA  *  .!•  ,  ' 1 1  -  C v^l.oiv  =  1  : .5  f /jog.  a:,  fl  *  7-0  ft. /sec. 


■>’  '  ‘.JT 


r  1 5 ;i;:  l.>: 

2 a:.-  £  =  6 

105 

Aurle  =  00 

o.j  l0  0f  f-.tU'i c::  =  -oO  +  0  ■  -27° 

.  ror  f i  *u ro  17,  CL.,  -  -l.-lV  L/o  *  5.7 

i1.  'Jo'.:.lo:id  =  -1.--2  x.  P/2  x  002  r.  1  i,70o 
=  -'.;750  lbs. 

I 

.  i"i 3 it'?  iraf  loui  *  A  :c  o 

-  214  P,\  A./  2  »  t:30  lbs. 

L  1  rotor  load  =  30,0‘0  ♦  '.’/’to  +  030  *  40G36  lbs. 

Li.  I  or  r/L  *  ::r  X  r.-O  *  G60».  :•  L»‘  0  =  ,34b 
x  V  40'’  '  x  105 


'tuT 


;v<r 


40,586 


-  10.46 


<f  s  P/2  X  3320(105)2 
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?rom  A  A  c.arts  at  ’ /l  *  .6u,  v.-hic.  is  permissible,  since  (j/L}0  varies 
but  little  v:ith  ’/L  c:.nn.-e  its  tne  low  advance  ratio  ran  e.  (See  reference 


( b/  o  *  •  1205 
( D/L) i  »  .2355 
(D/L) j  =  .0320 
(D/L)p  -  .0059 


A07  C  - 

^214  =  (D/L)T(/iAL 


(l./’0o  -  .3430  -  .4214  -  .4266 


Ki: ,'Li:'B  =  >4266  x  40686  x  105  =  3320 

550 

i./j  *  3320  x  33000  =  3650  ft. 

e  Go 


which  cue  ks  the  assumed  value  of  3640  ft  ./ran. 


8.1.7  Propeller  propulsion  maximum  rate  of  climb 


Excess  horsepower  at  140  knots  3  1680 


(p.eferenoe  figure  9.) 


Therefore,  p./c  -  1680  x  33000  •  1850  ft./min. 

30000 
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8.1.3  ..onruT  fuel  lo.  •.  lc  il  tion 

The  calculated  total  f  ioi  load  roqui  resents  of  the  oucl  73  consist 
of  the  followi: . 

a.  15  mirut  s  at  n  >r.nnl  ru tea  pcr.vor 

(1)  2  minutes  1. ov.rij,; 

(?)  13  minutes  at  lob-knot  cruisi-:;; 

b.  10u-mile  co.-i.be t  radius  at  crus  i  stood  of  220  knots 

c.  la  reserve 

d.  5  iter  -  so  i-  all  for  service  v.  rintion 


ova  rim  f,ml  required  ■  dV 70  1  c./  r.  (nor.servy  tive  octi  -Ate  fro: 


reference  ..  .V 


Turbo-prop  f.-ol  rc  •  .i  red  *  2873  las.  :.r.  (roferenco  ...'} 
(normal  rat  d  w  r) 

Turbo-prop  fuel  repaired  -  2f'10  las.  :.r.  ( reference  5.2) 

(at  cruise  hers  over) 


15  minutes  v:i  rra-up 

6770  r.  l.jii  r  2  -  237  lbs. 

ru 

2876  v  1.05  x  13  =  054  lor.. 

W 

100-milc  cruise  radius  at  220  knots 

,  2610  x  1.05  x  200  •  2430  lbs. 

225 


10ft  reserve 


=  27  j  1:  s. 


TOTAL 


=  57!) 7  lbs. 
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